Objective: The aim of our analysis was to investigate the impact of perineural, vascular and lymphatic invasion and of CA19-9 on survival in patients with locally advanced and metastatic pancreatic cancer, with the objective to serve as a tool for a more accurate and rational treatment selection.
Introduction
Pancreatic cancer is the fourth and fifth leading cause of cancerrelated death in the United States and Japan, respectively [1, 2] . Because of its aggressive growth and early metastatic dissemination, the overall 5-year survival rate for patients with pancreatic cancer remains poor (3-5%) [3] . The mortality rate has not shown any significant improvement for decades. In the light of such poor results, data regarding factors which may influence outcome, are essential also in order to optimize the treatment options for pancreatic cancer patients. Previous studies confirmed that subjects, who show a significant increase of CA19-9 at the time of diagnosis or onset of chemotherapy, present a worse survival if compared to those in which the marker is within normal range. Furthermore, seriate analyses of CA19-9 during chemotherapy represent useful and specific markers of response to the treatment itself. In fact, some studies showed that a reduction of CA19-9 values by more than 20% from baseline levels (or 50% in some series), during gemcitabine-based chemotherapy (after 6-8 weeks of treatment), is a predictor of response as well as a favorable prognostic factor [4] [5] [6] [7] . Another relevant prognostic parameter is the presence of perineural, vascular and lymphatic invasion since angiogenesis and vascular invasion are essential characteristics for tumor growth and dissemination. In general, micro-invasion of perineural and vascular tissues reflects an aggressive cancer phenotype. Perineural invasion, in particular, is considered associated with local recurrence in resected pancreatic cancer and with increasing de-differentiation of pancreatic tumours [8] . Pancreatic tissue itself hosts a large number of neural tissue and ganglia and is in close physical approximation to neural plexi in the retroperitoneum. Therefore perineural infiltration potentially accounts for the main mechanism by which pancreatic cancers infiltrate the retroperitoneum. Several studies examined the impact of perineural invasion on survival in resected pancreatic adenocarcinoma, reporting infiltration as a significant prognostic variable. In fact perineural invasion was associated with poor survival following pancreaticduodenectomy [9] [10] [11] [12] [13] . Again, several studies showed that blood vessel invasion was associated with poor outcome in patients with resected pancreatic cancer [11, 14, 15] .
The purpose of our study was to investigate the prognostic role of CA19-9 at the beginning of the first-line chemotherapy as well as the prognostic role of perineural, vascular and lymphatic invasion in a large monocentric series of patients with locally advanced unresectable or metastatic pancreatic cancer, with the aim to serve as a tool for a more accurate and rational treatment selection.
Patients and Methods

Patients selection
The study included 181 patients with a histological or clinical diagnosis of ductal pancreatic cancer who received chemotherapy at the Department of Medical Oncology of Polytechnic University of Marche Region from January 2000 to August 2010 and who was then followed on a regular basis in a specific follow-up program. Recorded patient characteristics and clinical features included: age, sex, weight, risk factors, symptoms, Eastern Cooperative Oncology Group (ECOG) performance status, type of surgery (when performed), histological type, grading, pathological stage of disease (T, N, M), site of disease within the pancreas, pathological features (tumor necrosis, presence of intra-tumoral vascular and neural invasion), value of tumor markers (CA19-9 and CEA), blood tests, dates of chemotherapy, response to chemotherapy and clinical benefit, overall survival (OS) and progression free survival (PFS).
Chemotherapy treatment
Adjuvant chemotherapy with gemcitabine in monotherapy was prescribed, when indicated according to guidelines.
Chemotherapy for locally advanced or metastatic disease included gemcitabine-based regimens (in monotherapy or in combination with cisplatin or oxaliplatin). Second-and third-line regimens included Fluoropyrimidines in combination with irinotecan or mytomicin-C. Toxicity due to chemotherapy was evaluated according to the NCI-CTC (National Cancer Institute -Common Toxicity Criteria), 3.0 version. Objective responses to chemotherapy were evaluated according to the RECIST (Response Evaluation Criteria in Solid Tumors) Criteria, 1.0 version [16] Clinical progression of disease included occurrence of ascites, worsening of clinical conditions, and significant increase of CA19-9.
Pathologic findings
All the patients underwent biopsies for diagnostic purposes. Pathologic specimens deriving from biopsies were formalin fixed. For each case an adequate tumor sampling was performed and tissue samples were paraffin embedded. From each paraffin block, a 5-µm section was cut and stained with H&E. Histological tumor typing and grading was performed according to the principles of the WHO.
For each case, two expert Pathologists (I.B. and A.M.) evaluated the slides with a double-blind method. The histological examination reported: the total number of lymph node, the number of metastatic nodes and any peri-nodal, vascular and neural invasion.
Statistical analysis
The primary endpoint of this study was to evaluate the prognostic role of clinical and biological factors in patients with advanced pancreatic cancer. OS was defined as the interval between the first day of chemotherapy to death or last follow-up visit. Patients who were not reported to be deceased at the time of the analysis were censored at the date they were last known to be alive.
The PFS for each line of chemotherapy was calculated from the start of chemotherapy until the date of progression, or death from any cause or last follow-up in patients who did not progressed. We compared OS among subgroups of patients according to the levels of CA19-9 and to the presence of vascular, neural and lymphatic invasion. The association between categorical variables was estimated by Chi-square test. The Cox multivariate proportional hazard regression model was used to evaluate the effects of the prognostic factors on survival. Survival distribution was estimated by the Kaplan-Meier method. Significant differences in probability of surviving between the strata were evaluated by log-rank test. Hazard ratios and 95% confidence intervals were estimated from regression coefficients. A significant level of 0.05 was chosen to assess the statistical significance. Statistical analysis was performed with MedCalc package (MedCalc ® v9.4.2.0).
Results
One hundred and eighty-one consecutive patients with locally advanced or metastatic pancreatic cancer were enrolled into this study. Tables 1 and 2 summarize patients' clinical and pathological characteristics. In 13 tumor samples (7.2%), perineural infiltration was present, while in 11 (6.1%) and in 6 (3.3%) cases vascular and lymphatic infiltration were present, respectively (Figures 1a-1c) . At univariate analysis the three above mentioned factors (perineural, vascular and lymphatic invasion) showed a positive correlation with OS. Surprisingly OS in patients with perineural, vascular and/or lymphatic invasion was significantly increased (p=0.0002). In fact, median OS was 9.6 months (range 0.39 to 66.09 months) in patients without invasion vs. 27.5 months (range 5.02 to 66.1 months) in patients with invasion ( Figure 2 ). CA19-9 was available for 164 patients: it was above the normal upper limit in 132 patients (72.9%), and it was normal in 32 patients (17.7%). At univariate analysis CA 19-9 was found to be a prognostic factor (≤ 37 U/ml vs. >37 U/ml, median OS=18,49 months vs. 9,21 months, respectively, p=0,0004) (Figure 3 ).
At multivariate analysis the presence of vascular, lymphatic and perineural invasion surprisingly appeared an independent favorable prognostic factor, while the elevated CA19-9 at onset resulted an independent unfavorable prognostic factor (Table 3) .
Discussion
In patients with locally advanced or metastatic pancreatic cancer several prognostic factors can be detected: local vs. metastatic stage of disease, tumor necrosis [17, 18] , grading [19] , CA19.9, CEA [20] , age [21] , ECOG [4] . In the present analysis, we found a statistically significant difference in OS between pancreatic cancer patients presenting perineural, vascular and lymphatic infiltration when compared with patients with no perineural, vascular and lymphatic invasion. Furthermore we analyzed the prognostic impact of a high value of CA19.9 vs. a normal value at the beginning of the first-line chemotherapy. In particular, perineural, vascular and lymphatic invasion, was found to be an independent prognostic factor positively correlated with prognosis. In fact, OS was significantly increased if compared to the group of patients in whom no invasion was detected (median survival=27.5 vs. 9.6 months, p=0.0002). This finding is in contrast to what has been previously reported in the literature in resected patients. The study of Nitecki et al. reported a most favorable 5-year survival rate in the subset of patients with negative nodes and no duodenal or perineural invasion [22] . This was confirmed by the study of Ozaki et al. on 193 patients who underwent curative resection of pancreatic cancer; in fact, in the group of patients without nodal metastasis, the 5-year survival rate for those without perineural invasion was 75% versus only 29% for those with perineural invasion. Again, in the group of patients with nodal metastasis, the 5-year survival rate for those without perineural invasion was 17%, and that for those with perineural invasion was 10% [12] . Furthermore in the study of Meyer et al., the perineural invasion contributes to a poor long-term survival [11] . Recently, Badger et al., in 126 surgically resected pancreatic cancer patients, showed that lymphatic vascular and perineural invasion, together with the grading, are important predictors of outcome and their presence is associated with a reduced survival [23] . In particular, perineural invasion has a crucial role in the local recurrence of disease after surgery. Perineural space is known to be an important route of pancreatic cancer invasion. Pancreatic cancer cells invade the neural plexus distributed in pancreatic parenchyma and spread through perineural space to reach extra-pancreatic nerves, such as the celiac 
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Odds Ratio 95% CI p-value plexus or the supra-mesenteric artery plexus. Cancer cell invasion into the neural plexus often results in non-curative resection and, therefore, retroperitoneal recurrence. According to another theory, however, the neural invasion of pancreatic cancer is related to the concept of pancreatic cancer "neurotropism". This concept was developed by Kenmotsu et al., who reported that advanced pancreatic cancer with neural invasion expressed numerous types of neuroendocrine markers, including S-100, Synaptophysin, Substance-P, Enkephalin, and NCAM [24] [25] [26] .
Hirai et al. showed that perineural invasion is greater if the cancer becomes less differentiated and if there is a large accumulation of interstitial connective tissue. Although perineural invasion by the glandular structures is often continuous, sometimes the progression may be discontinuous. Thus, even if the margin of surgical resection is free of disease, tumor cells may have already reached distant locations. For that reason additional precautions are recommended, such as the removal of retroperitoneal and peri-pancreatic tissue [8] . This approach is also justified by the study of Mitsunaga et al., who observed that 20-40% of surgeries for apparently resectable pancreatic cancer are really non-curative, because of perineural infiltration already present at the resection margins. Furthermore a study performed by Mitsunaga et al., showed that the nerve plexus invasion and the infiltration of lymphatic vessels are important prognostic and predictive factors. These parameters seem to be more significant than the presence of intrapancreatic nerve invasion or lymph node metastases. Then, this study showed that a long distance between the invasion of pancreatic nerve plexus and pancreatic margin is an important prognostic factor in patients with pancreatic adenocarcinoma: in fact a distance greater than 2500 µm between the two structures is significantly associated with poor survival [27, 28] . A systematic review evaluating the impact of vascular invasion and perineural infiltration on median survival performed by Garcea et al. showed that in tumors with vs. without perineural infiltration the median survival was respectively of 16 months vs. 18.4 months and in tumors with vs. without vascular invasion the median survival was respectively of 11.9 months vs. 20.6 months. It was also evident that, although vascular invasion is less frequent than perineural infiltration, it has a more severe impact on survival. This is due to the fact that vascular invasion is responsible of metastatic recurrence of disease and thus related to a greater impact on survival, while the nerve invasion is responsible of local recurrence of disease which is not directly related to patient death [29] . It is important to notice that all the above mentioned studies evaluated perineural, vascular and lymphatic invasion in groups of patients who underwent surgery for pancreatic cancer, thus analyzing the impact on recurrence of disease and on survival. In this context, vascular, perineural and lymphatic invasion resulted as unfavorable factor and this may represent an expression of biological malignancy of the disease. Our study, instead, evaluated the same parameters in patients with advanced pancreatic cancer (unresectable or metastatic cancer) and it represents the first experience in this setting in a large monocentric series. In our opinion, the different results found in the localized and in the advanced setting, could be explained by the fact that in advanced pancreatic cancer, the presence of histological parameters known to be expression of malignancy of the tumor, may result in a better response to antiblastic treatments, causing an improvement of prognosis in the subgroup of patients presenting these features. This result implies some considerations: in patients with advanced pancreatic cancer the use of an aggressive chemotherapy (i.e. FOLFIRINOX or a combination of several chemotherapeutic drugs), may be preferable. Furthermore, a treatment with a single agent (i.e. gemcitabine) is not absolutely recommended and this approach should be adopted even in patients who appear to have better prognosis. In addition, in the advanced setting, vascular invasion seems to be a favorable factor because it allows to select tumors that have a rich angiogenesis with a different prognosis in respect to pancreatic tumors with extensive desmoplastic reaction. With the advances in molecular biology, newer biologic agents such as bevacizumab and sorafenib are adding some benefit to the conventional cytotoxic agents. Unfortunately, these agents have failed to report a significant improvement in overall survival in patients [30] [31] [32] [33] ; probably because there was not a previous selection of patients which expressed specific histological characteristics of invasion. Focusing on the clinical and biochemical parameters, this study also confirmed the prognostic role of CA19-9: the group of patients with elevated levels of CA 19-9 at onset, in fact, presented a significantly reduced survival if compared to the others (9.2 vs. 18.5 months, p=0.0004). Thus, CA19-9 may be an additional parameter in order to select the most appropriate treatment, suggesting the use of combination chemotherapy when CA19-9 is high at the beginning, according to what has been previously published in the literature. In fact, previous studies showed that subjects who present a significant increase of CA19-9 at the time of diagnosis or onset of chemotherapy, have a reduced survival compared to those in which the marker is normal [5] .
A recent study of Kang et al. on 102 patients shows that pre-operative CA19-9 is also useful for estimating the risk of recurrence in patients undergoing surgical resection for pancreatic cancer as well as for the choice of therapeutic strategies. Nevertheless, further prospective studies are needed to evaluate the outcomes of these strategies based on the values of CA19-9 [34] .
In conclusion, the results of our study, on a large series of patients with locally advanced unresectable pancreatic cancer or metastatic pancreatic cancer, suggest the importance of a few parameters: perineural, vascular and lymphatic invasion and CA19-9. Although the relatively small sample size of the group of patients with pathologically detected perineural, vascular and lymphatic invasion, the role of these parameters (which are commonly available) may be relevant in the clinical practice in order to identify subgroups of patients with unfavorable or favorable prognosis before the first-line chemotherapy treatment and then to guide treatment choices. In patients with invasive and stage III-IV pancreatic cancer, the use of a more aggressive chemotherapy, which is based on the scheme FOLFIRINOX or on the combination of several chemotherapeutic drugs, should be preferred when histological examinations reveal the presence of perineural, vascular and lymphatic invasion. At the same time any possibility of treatment with a single agent such as gemcitabine should be excluded. Prognosis for locally advanced or metastatic pancreatic cancer is still poor nowadays and despite the interesting advance provided by combinations, survival results remain disappointing. Further research focused on new combinations, incorporating the new targeted therapies and identifying potential predictive factors of response, also confirming the ones analyzed in the present study, are required to be able to offer effective tailored therapies to our patients.
